A microplate compression method for elastic modulus measurement of soft and viscoelastic collagen microspheres.
Hydrogel-based microspheres are commonly used for drug and cell delivery in regenerative medicine. Characterization of their physical and mechanical properties is important in monitoring their quality during fabrication and in predicting their performance upon injection. However, existing methods have limitations in measuring these micron-sized, soft and viscoelastic spherical structures. In this study, a protocol is developed to measure the elastic modulus of non-linear viscoelastic spheres by microplate compression, and is applied to collagen microspheres fabricated with or without cells. During the measurement, a microsphere is placed on a rigid surface and is compressed by a calibrated flexible microplate gripped to a rigid end. A step increase in the displacement rate of the rigid end of the flexible microplate is introduced and the reduced elastic modulus of the microsphere is calculated from the deformation response of the microsphere, using an equation derived in this study. The reduced elastic modulus of collagen microspheres with and without mesenchymal stem cells measured by this method was 9.1 kPa and 132 Pa, respectively.